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STORAGE DEVICE AND METHOD FOR
CONTROLLING STORAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-
282334, filed on Dec. 22, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a storage
device and a method for controlling the storage device.

BACKGROUND

A NAND flash is a semiconductor storage device for stor-
ing data without being supplied with power. Thus, the NAND
flash is used for backing up data in a cache memory in the
storage device during blackout, for example.

When data is backed up in the storage device, parity data is
added to the backed-up data to enable the data to be recovered
when an error occurs in the data. Data backup into the NAND
flash will be described with reference to FIG. 8.

FIG. 8 is a diagram illustrating an exemplary NAND flash
control device according to a related technique. As illustrated
in FIG. 8, a NAND flash control device 800 is connected to
NAND flashes 910 to 940 configuring RAID (Redundant
Arrays of Inexpensive Disks), respectively. Each of the
NAND flashes 910 to 940 has a buffer and an array. The
NAND flashes 910 to 930 store user data therein. The NAND
flash 940 stores parity data therein.

In the example illustrated in FIG. 8, only a write DMA
(Direct Memory Access) 810 among the DMAs provided in
the NAND flash control device 800 is illustrated. The write
DMA 810 includes a write unit 811, a parity generation unit
812, and a parity calculation RAM (Random Access
Memory) 813.

There will be described below with reference to FIG. 9 a
case in which in the NAND flash control device 800, user data
is divided into three stripes to be written into the NAND
flashes 910 to 930 and parity data is written into the NAND
flash 940 by way of example. FIG. 9 is a sequence diagram
illustrating data write operations by the NAND flash control
device.

In the NAND flash control device 800, the first stripe is
input into the write unit 811 and the parity generation unit
812. The write unit 811 writes the first stripe into a buffer 911
in the NAND flash 910 (step S901), and at the same time, the
parity generation unit 812 writes the first stripe into the parity
calculation RAM 813. Subsequently, in the NAND flash 910,
the stripe written into the bufter 911 is written into an array
912 (step S902).

In the NAND flash control device 800, the second stripe is
input into the write unit 811 and the parity generation unit
812. The write unit 811 writes the second stripe into a buffer
921 in the NAND flash 920 (step S903), and at the same time,
the parity generation unit 812 performs the following pro-
cessings. That is, the parity generation unit 812 reads the first
stripe from the parity calculation RAM 813, and calculates
parity data based on XOR with the second stripe and writes it
into the parity calculation RAM 813. Subsequently, in the
NAND flash 920, the stripe written into the buffer 921 is
written into an array 922 (step S904).
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2

Subsequently, in the NAND flash control device 800, the
third stripe is input into the write unit 811 and the parity
generation unit 812. The write unit 811 writes the third stripe
into a buffer 931 in the NAND flash 930 (step S905), and at
the same time, the parity generation unit 812 performs the
following processings. That is, the parity generation unit 812
reads the parity data from the parity calculation RAM 813,
and calculates parity data based on XOR with the third stripe
and writes it into the parity calculation RAM 813. Subse-
quently, in the NAND flash 930, the stripe written into the
buffer 931 is written into an array 932 (step S906).

After finishing writing the three stripes into the arrays in
the NAND flashes, respectively, the write unit 811 reads the
parity data from the parity calculation RAM 813 and writes
the parity data into a bufter 941 in the NAND flash 940 (step
S907). Then, in the NAND flash 940, the parity data written
into the buffer 941 is written into an array 942 (step S908).

In this way, in the storage device, the data in the cache
memory is saved into the NAND flashes to be backed up
during blackout. There is known a technique in which when
power is resumed while the blackout processing is being
performed, unnecessary blackout processings or power
resumption processings may be omitted.

Patent Literature 1: International Publication Pamphlet No.
WO 2009/098776
Patent Literature 2: Japanese Laid-open Patent Publication

No. 2005-182983

However, the related technique has a problem that a write
capability is lowered by writing parity data.

In the example illustrated in FIG. 9, in the NAND flash
control device 800, the third stripe is written into the array 932
in the NAND flash 930 and then parity data is written into the
NAND flash 940. Thus, a user data writing end time delays by
a time for writing the parity data.

SUMMARY

According to an aspect of the embodiments, a storage
device includes a first group of memories including a plurality
of memories that store a plurality of items of partial data
obtained by dividing data; a first memory and a second
memory that store parity data; a read unit that reads the parity
data from the first memory or the second memory; a genera-
tion unit that generates parity data based on the read parity
data and the partial data; and a write unit that writes the partial
data into a memory included in the first group of memories,
and writes the generated parity data into the second memory
when the read unit read the parity data from the first memory
and into the first memory when the read unit read the parity
data from the second memory.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a structure of a
storage device according to a first embodiment;

FIG. 2 is a block diagram illustrating a structure of a write
DMA according to the first embodiment;

FIG. 3 is a sequence diagram illustrating data write opera-
tions by the write DMA according to the first embodiment;
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FIG. 4 is a flowchart illustrating a processing procedure of
the data write processings by the write DMA according to the
first embodiment;

FIG. 5 is a block diagram illustrating a structure of a write
DMA according to a second embodiment;

FIG. 6 is a sequence diagram illustrating data write opera-
tions by the write DMA according to the second embodiment;

FIG. 7 is a flowchart illustrating a processing procedure of
the data write processings by the write DMA according to the
second embodiment;

FIG. 8 is a diagram illustrating an exemplary NAND flash
control device according to a related technique; and

FIG. 9 is a sequence diagram illustrating data write opera-
tions by the NAND flash control device.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be
explained with reference to accompanying drawings. The
present invention is not limited to the embodiments. Each
embodiment can be combined as needed without departing
from the scope of the processing contents.

[a] First Embodiment

Structure of Storage Device According to First Embodi-
ment

FIG. 1 is a block diagram illustrating a structure of a
storage device 1 according to a first embodiment. As illus-
trated in FIG. 1, the storage device 1 includes a power supply
unit 2, HDDs (hard Disk Drive) 3a to 3¢, and a CM (Control-
ler Module) 10.

The power supply unit 2 supplies power to the CM 10 in the
normal time. The HDDs 3a to 3¢ configure RAID (Redundant
Arrays of Independent (Inexpensive) Disks), and store user
data and programs therein. The normal time indicates a state
where after the storage device 1 is powered on, it keeps
running without blackout.

The CM 10 controls data to be input into and output from
the HDDs 3a to 3¢ by an information processing device such
as a server (not illustrated) connected to the storage device 1.
For example, the CM 10 includes a cache memory 11, a RoC
(RAID-on-Chip) 12, an Exp (Expander) 13, a power supply
unit for blackout 14, a NAND flash 20, and a FPGA (Field
Programmable Gate Array) 100.

The cache memory 11 is a nonvolatile memory such as
DIMM (Dual Inline Memory Module) or DDR SDRAM
(Double Date Rate Synchronous DRAM), and temporarily
stores user data to be written into the HDDs 3a to 3c.

The RoC (RAID-on-Chip) 12 includes a CPU (Central
Processing Unit) and a memory controller, and entirely con-
trols the CM 10. For example, the RoC 12 performs a backup
processing of the cache memory 11, interface control with an
information processing apparatus such as a server (not illus-
trated), or management of the cache memory 11.

The Exp 13 relays user data to be exchanged between the
RoC 12 and the HDDs 3a to 3¢. The power supply unit for
blackout 14 supplies power to the RoC 12, the cache memory
11, the FPGA 100 and the NAND flash 20 during blackout.

The NAND flash 20 is a nonvolatile semiconductor storage
device, and functions as a backup storage device that saves
data stored in the cache memory 11 when blackout occurs in
the storage device 1. The NAND flash 20 includes a plurality
of stripe NAND flashes that store a plurality of stripes
obtained by dividing user data, respectively, and two parity
NAND flashes that store parity data.
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The FPGA 100 includes a write DMA (Direct Memory
Access) and a read DMA for controlling data transfer
between the cache memory 11 and the NAND flash 20 not via
the CPU. In the example illustrated in FIG. 1, only a write
DMA 200 out of the DMAs in the FPGA 100 is illustrated. A
detailed structure of the write DMA 200 will be described
later.

In the storage device 1, the FPGA 100 saves data from the
cache memory 11 into the NAND flash 20 during blackout.
For example, in the FPGA 100, the write DMA 200 reads user
data from the cache memory 11, and divides the user data in
a predetermined unit to generate stripes. Then, the write
DMA 200 writes a stripe into any of a plurality of stripe
NAND flashes and either of the two parity NAND flashes.

The write DMA 200 reads parity data from either of the
parity NAND flashes. Then, the write DMA 200 generates
parity data based on the read parity data and the stripe. Sub-
sequently, the write DM A 200 writes the stripe into the stripe
NAND flash and writes the generated parity data into the
other parity NAND flash. That is, the write DMA 200 writes
the parity data into a different parity NAND flash from the
NAND flash from which parity data is read. Consequently,
the write DMA 200 does not lower a write capability even
when it writes the parity data.

Structure of Write DMA According to First Embodiment

FIG. 2is a block diagram illustrating a structure of the write
DMA according to the first embodiment. As illustrated in
FIG. 2, the write DMA 200 includes a transfer unit 210, a
write unit 220, a read unit 230 and a parity generation unit
240. The write DMA 200 is connected to a NAND flashes 20a
to 20e. An explanation will be made assuming that the NAND
flashes 20a to 20c¢ are stripe NAND flashes and the NAND
flashes 204 and 20e are parity NAND flashes. The NAND
flashes 20a to 20e include buffers 21a to 21e and arrays 22a
to 22e, respectively.

The transfer unit 210 reads the stripes which are the divided
user data in a predetermined unit from the cache memory 11,
and transfers the stripes to the write unit 220 and the parity
generation unit 240. When the read stripe is the last stripe of
the user data, the transfer unit 210 notifies, to the write unit
220, that the stripe to be transferred is the last stripe.

The write unit 220 writes the user data transferred from the
transfer unit 210 into each buffer in the designated NAND
flashes 20a to 20c. The write unit 220 performs writing the
user data into each NAND flash per stripe divided in a prede-
termined unit.

For example, the write unit 220 writes the first stripe of the
user data into the buffer 21a in the NAND flash 20a. Subse-
quently, the write unit 220 writes the second stripe into the
buffer 215 in the NAND flash 204, and writes the third stripe
into the buffer 21¢ in the NAND flash 20c. The write unit 220
repeatedly performs the same processing as the processing of
writing the first to third stripes into the buffers in the NAND
flashes on the fourth and subsequent stripes.

The write unit 220 includes a select circuit 221, and inputs
the first stripe into the select circuit 221. Thereby, the write
unit 220 writes the first stripe of the user data into the buffer
21a in the NAND flash 204, and at the same time, writes the
first stripe into the buffer 214 in the NAND flash 20d4. An
explanation will be made assuming that the first stripe written
into the parity NAND flash is handled as parity data.

The write unit 220 writes a stripe into each buffer in the
designated NAND flashes 20a to 20¢, and at the same time,
alternately writes the parity data generated by the parity gen-
eration unit 240 into the buffers of the NAND flashes 204 and
20e.
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For example, the write unit 220 writes the second stripe
into the buffer 215 in the NAND flash 204, and at the same
time, writes parity data into the buffer 21e in the NAND flash
20e¢. Then, the write unit 220 writes the third stripe into the
buffer 21¢ inthe NAND flash 20c¢, and at the same time, writes
parity data into the buffer 214 in the NAND flash 204.

The write unit 220 writes the stripes into the buffers in the
stripe NAND flashes, and then writes the same from the
buffers in the stripe NAND flashes into the arrays. Then, the
write unit 220 writes the last stripe from the buffer in the stripe
NAND flash into the array, and at the same time, writes the
parity data from the buffer in the parity NAND flash into the
array.

The read unit 230 includes a select circuit 231, and alter-
nately reads the parity data stored in the buffers in the NAND
flashes 204 and 20e, and outputs the same to the parity gen-
eration unit 240.

For example, the read unit 230 reads and outputs the first
stripe from the NAND flash 204 to the parity generation unit
240 when the second stripe is input into the parity generation
unit 240. The read unit 230 reads and outputs the parity data
from the NAND flash 20e to the parity generation unit 240
when the third stripe is input into the parity generation unit
240. It is assumed that no data is stored in the buffers in the
NAND flashes 20d and 20e when the first stripe is input into
the parity generation unit 240.

The parity generation unit 240 includes an XOR circuit
241, receives the parity data output from the read unit 230 and
the stripe transferred from the transfer unit 210, and calcu-
lates XOR with the parity data and the stripe to generate parity
data. Then, the parity generation unit 240 outputs the gener-
ated parity data to the write unit 220.

Processing Operations by Write DMA According to First
embodiment

The data write operations by the write DMA 200 according
to the first embodiment will be described below with refer-
ence to FIG. 3. FIG. 3 is a sequence diagram illustrating the
data write operations by the write DMA according to the first
embodiment. There will be described herein a case where the
write DMA 200 writes three stripes into the NAND flashes by
way of example. Herein, the third stripe is the last stripe.

Asillustrated in FIG. 3, the write DMA 200 writes the first
stripe into the buffer 214 in the NAND flash 20a (step S101).
At the same time with the processing in step S101, the write
DMA 200 writes the first stripe into the buffer 214 in the
NAND flash 204 (step S102). Subsequently, in the NAND
flash 20aq, the stripe written into the bufter 214 is written into
the array 22a (step S103).

The write DM A 200 writes the second stripe into the buffer
21binthe NAND flash 205 (step S104). At the same time with
the processing in step S104, the write DM A 200 reads the first
stripe from the buffer 214, calculates parity data based on
XOR with the second stripe, and writes it into the buffer 21e
(step S105). Subsequently, in the NAND flash 204, the stripe
written into the buffer 215 is written into the array 225 (step
S106).

The write DMA 200 writes the third stripe into the buffer
21cinthe NAND flash 20¢ (step S107). At the same time with
the processing in step S107, the write DMA 200 reads the
parity data from the buffer 21e, calculates parity data based on
XOR with the third stripe, and writes it into the buffer 214
(step S108). Subsequently, in the NAND flash 20c¢, the stripe
written into the buffer 21¢ is written into the array 22¢, and at
the same time, in the NAND flash 204, the stripe written into
the buffer 214 is written into the array 224 (step S109).

10

15

20

25

30

35

40

45

50

55

60

65

6

Processing Procedure of Processings by Write DMA
according to First Embodiment

A processing procedure of the processings by the write
DMA according to the first embodiment will be described
below with reference to FIG. 4. FIG. 4 is a flowchart illus-
trating the processing procedure of the data write processings
by the write DMA according to the first embodiment. There
will be described herein a case in which the write DMA 200
writes three stripes into the NAND flashes by way of
example. Herein, the third stripe is the last stripe.

As illustrated in FIG. 4, the write unit 220 writes the first
stripe into the buffer 214 in the NAND flash 20a (step S201).
At the same time with the processing in step S201, the write
unit 220 writes the first stripe into the buffer 214 inthe NAND
flash 204 (step S202). Subsequently, in the NAND flash 20q,
the stripe written into the buffer 21a is written into the array
22a (step S203).

The write unit 220 writes the second stripe into the buffer
2154 in the NAND flash 2056 (step S204). The read unit 230
reads the first stripe from the buffer 214 (step S205). Then, the
parity generation unit 240 calculates parity data based on
XOR with the stripe read by the read unit 230 and the second
stripe (step S206). The write unit 220 writes the parity data
into the buffer 21e (step S207). The processings in step S205
to step S207 are performed at the same time with the process-
ing in step S204. Subsequently, in the NAND flash 205, the
stripe written into the buffer 215 is written into the array 226
(step S208).

The write unit 220 writes the third stripe into the buffer 21¢
in the NAND flash 20c¢ (step S209). The read unit 230 reads
the parity data from the buffer 21e (step S210). Then, the
parity generation unit 240 calculates parity data based on
XOR with the parity data read by the read unit 230 and the
third stripe (step S211). The write unit 220 writes the parity
data into the buffer 214 (step S212). The processings in step
S210 to step S212 are performed at the same time with the
processing in step S209.

Subsequently, in the NAND flash 20c¢, the stripe written
into the buffer 21c¢ is written into the array 22¢ (step S213). At
the same time with the processing in step S213, the stripe
written into the buffer 21d is written into the array 224 in the
NAND flash 204 (step S214).

Effects of Storage Device According to First Embodiment

The storage device 1 according to the first embodiment has
the two parity NAND flashes, and alternately writes parity
data into the buffers in the parity NAND flashes. Thereby, the
storage device 1 according to the first embodiment writes
parity data into the array in the NAND flash at the same time
with the writing of the last stripe into the array in the NAND
flash. Consequently, with the storage device 1 according to
the first embodiment, a write capability does not lower even
when the parity data is written therein.

In arelated technique, a RAM in the write DMA is used for
calculating parity data. The RAM holds the calculation values
of the parity data for write units. Thus, when the number of
write units increases, the size of the RAM in the write DMA
also increases, thereby repressing the resource. When the
write unit of the NAND flash is changed, the write DMA is to
be modified.

On the other hand, the storage device 1 according to the
first embodiment alternately uses the two NAND flashes to
calculate parity data. Thereby, the parity calculation RAM in
the write DMA may be removed from the storage device 1
according to the first embodiment. Consequently, the storage
device 1 according to the first embodiment does not need
modification of the write DMA even when the write unit of
the NAND flash is changed.
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[b] Second Embodiment

The storage device 1 according to the first embodiment
includes the two parity NAND flashes, and alternately writes
parity data into the buffers in the parity NAND flashes. Then,
the storage device 1 according to the first embodiment writes
the parity data into the array in one NAND flash at the same
time with the writing of the last stripe into the array in the
NAND flash. In this case, the parity data is stored in the array
in one NAND flash, but the parity data is not stored in the
array in the other NAND flash. Thus, the storage device 1
according to the first embodiment may effectively use the
arrays in the parity NAND flashes.

There will be described in the second embodiment a case in
which parity data is alternately written into the two parity
NAND flashes when two items of user data made of group 1
and group 2 are successively written into the stripe NAND
flashes. It is assumed herein that the user data of group 1
contains an even number of stripes and the user data of group
2 contains an odd number of strips.

Structure of Storage Device According to Second Embodi-
ment

A structure of a storage device according to a second
embodiment will be described below. The structure of the
storage device according to the second embodiment is the
same as the structure of the storage device according to the
first embodiment except that the function of the write DMA in
the storage device illustrated in FIG. 1 is different. Thus, only
the different write DMA from that according to the first
embodiment will be described below. The number of NAND
flashes is changed in the storage device according to the
second embodiment, and the change will be described below.

Structure of Write DMA According to Second Embodi-
ment

A structure of the write DMA according to the second
embodiment will be described below withreference to FIG. 5.
FIG. 5 is ablock diagram illustrating the structure of the write
DMA according to the second embodiment. As illustrated in
FIG. 5, the write DMA according to the second embodiment
includes a transfer unit 310, a write unit 320, a read unit 330
and a parity generation unit 340.

A write DMA 300 is connected to NAND flashes 30a to
30g. It is assumed herein that the NAND flashes 30a to 30e
are stripe NAND flashes and the NAND flashes 30f'and 30¢g
are parity NAND flashes. Each of the NAND flashes 30q to
30g has a buffer and an array.

In the second embodiment, it is assumed that the NAND
flashes 30a and 305 are used as the NAND flashes for group
1 and the NAND flashes 30c to 30e are used as the NAND
flashes for group 2. Subsequent to writing the user data of
group 1, the user data of group 2 is written, but the write order
is not limited thereto. For example, subsequent to writing the
user data of group 2, the user data of group 1 may be written.

The transfer unit 310 reads the user data from the cache
memory 11 as stripes divided in a predetermined unit, and
transfers the stripes to the write unit 320 and the parity gen-
eration unit 340. It is assumed herein that the transfer unit 310
divides and transfers the user data into the user data of group
1 including an even number of stripes and the user data of
group 2 including an odd number of stripes.

When the read stripe is of the user data of group 1, the
transfer unit 310 notifies, to the write unit 320, that the stripe
to be transferred is the stripe of group 1. When the read stripe
is of the user data of group 2, the transfer unit 310 notifies, to
the write unit 320, that the stripe to be transferred is the stripe
of group 2. When the read stripe is the last stripe in each
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group, the transfer unit 310 notifies, to the write unit 320, that
the stripe to be transferred is the last stripe.

The write unit 320 writes the user data transferred from the
transfer unit 310 into each buffer in the designated NAND
flashes 30a to 30e. For example, the write unit 320 writes the
stripes of group 1 into the NAND flashes 30a and 305, and
writes the strips of group 2 into the NAND flashes 30¢ to 30e.

By way of example, the write unit 320 writes the first stripe
of'group 1 into the NAND flash 30a. Subsequently, the write
unit 320 writes the second stripe of group 1 into the NAND
flash 3056. The write unit 320 repeatedly performs the same
processing as the processing of writing the first stripe of group
1 to the second stripe of group 1 into the NAND flashes on the
third and subsequent stripes of group 1.

The write unit 320 writes the first stripe of group 2 into the
NAND flash 30c¢. Then, the write unit 320 writes the second
stripe of group 2 into the NAND flash 304. Subsequently, the
write unit 320 writes the third stripe of group 2 into the NAND
flash 30e. The write unit 320 repeatedly performs the same
processing as the processing of writing the first stripe of group
2 to the third stripe of group 2 into the NAND flashes on the
fourth and subsequent stripes of group 2.

For example, the write unit 320 includes select circuits 321
and 322, and inputs the first stripe of group 1 into the select
circuit 321. Thereby, the write unit 320 writes the first stripe
of group 1 into the NAND flash 30a, and at the same time,
writes the first stripe of group 1 into the NAND flash 30/

The write unit 320 writes the user data into each buffer in
the designated NAND flashes 30a to 3056 or 30¢ to 30e, and at
the same time, alternately writes the parity data generated by
the parity generation unit 340 into the buffers in the NAND
flashes 30/'and 30g.

The write unit 320 alternately inputs the parity data output
by the parity generation unit 340 into the select circuits 321
and 322. Thereby, the write unit 320 writes the second stripe
of group 1 into the NAND flash 305, and at the same time,
writes the parity data into the NAND flash 30g.

Subsequently, the write unit 320 inputs the first stripe of
group 2 into the select circuit 322. Thereby, the write unit 320
writes the first stripe of group 2 into the NAND flash 30¢, and
at the same time, writes the first stripe of group 2 into the
NAND flash 301

The write unit 320 alternately inputs the parity data output
by the parity generation unit 340 into the select circuits 321
and 322. Thereby, the write unit 320 writes the second stripe
of group 2 into the NAND flash 304, and at the same time,
writes the parity data into the NAND flash 30g. Then, the
write unit 320 writes the third stripe of group 2 into the NAND
flash 30e, and at the same time, writes the parity data into the
NAND flash 301

The write unit 320 writes the stripes into the buffers in the
stripe NAND flashes, and then writes them from the buffers in
the stripe NAND flashes into the arrays. Then, the write unit
320 writes the last stripe of each group from the buffer in the
stripe NAND flash into the array, and at the same time, writes
the parity data from the buffer in the parity NAND flash into
the array.

The functions of the read unit 330 are the same as the
functions of the read unit 230 according to the first embodi-
ment. The functions of the parity generation unit 340 are the
same as the functions of the parity generation unit 240 accord-
ing to the first embodiment.

Processing Operations by Write DMA According to Sec-
ond Embodiment

The data write operations by the write DMA according to
the second embodiment will be described below with refer-
ence to FIG. 6. FIG. 6 is a sequence diagram illustrating the
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data write operations by the write DMA according to the
second embodiment. There will be described herein a case in
which the write DMA 300 writes group 1 containing two
stripes and group 2 containing three stripes into the NAND
flashes in this order by way of example. Herein, the second
stripe of group 1 and the third stripe of group 2 are the last
stripes.

Asillustrated in FIG. 6, the write DMA 300 writes the first
stripe of group 1 into a buffer 31a in the NAND flash 30a (step
S301). At the same time with the processing in step S301, the
write DMA 300 writes the first stripe of group 1 into a buffer
31fin the NAND flash 30f (step S302). Subsequently, in the
NAND flash 30aq, the stripe written into the buffer 31a is
written into an array 32a (step S303).

The write DMA 300 writes the second stripe of group 1 into
a buffer 315 in the NAND flash 305 (step S304). At the same
time with the processing in step S104, the write DMA 300
reads the first stripe of group 1 from the buffer 31f, and
calculates parity data based on XOR with the second stripe of
group 1 and writes it into a buffer 31g (step S305).

Subsequently, in the NAND flash 304, the stripe written
into the buffer 315 is written into an array 325 (step S306). At
the same time with the processing in step S306, in the NAND
flash 30g, the stripe written into the bufter 31g is written into
an array 32g (step S307).

The write DMA 300 writes the first stripe of group 2 into a
buffer 31¢ in the NAND flash 30c¢ (step S308). At the same
time with the processing in step S308, the write DMA 300
writes the first stripe of group 2 into the buffer 31f in the
NAND flash 30f (step S309). Subsequently, in the NAND
flash 30c¢, the stripe written into the buffer 31c is written into
an array 32c¢ (step S310).

The write DMA 300 writes the second stripe of group 2 into
a buffer 31d in the NAND flash 304 (step S311). At the same
time with the processing in step S311, the write DMA 300
reads the first stripe of group 2 from the buffer 31f, and
calculates parity data based on XOR with the second stripe of
group 2 and writes it into the buffer 31g (step S312). Subse-
quently, in the NAND flash 304, the stripe written into the
buffer 314 is written into an array 32d (step S313).

The write DMA 300 writes the third stripe of group 2 into
a buffer 31e in the NAND flash 30e (step S314). At the same
time with the processing in step S314, the write DMA 300
reads the parity data from a buffer 31g, and calculates parity
data based on XOR with the third stripe of group 2 and writes
it into the buffer 31/ (step S315). Subsequently, in the NAND
flash 30e, the stripe written into the buffer 31e is written into
anarray 32e (step S316). At the same time with the processing
in step S316, in the NAND flash 30f; the stripe written into the
buffer 31fis written into an array 32f (step S317).

Processing Procedure of Processings by Write DMA
According to Second Embodiment

The processing procedure of the processings by the write
DMA according to the second embodiment will be described
below with reference to FIG. 7. FIG. 7 is a flowchart illus-
trating the processing procedure of the data write processings
by the write DMA according to the second embodiment.
There will be described herein a case in which the write DMA
300 writes group 1 containing two stripes and group 2 con-
taining three stripes into the NAND flashes in this order by
way of example. Herein, the second stripe of group 1 and the
third stripe of group 2 are the last stripes.

As illustrated in FIG. 7, the write unit 320 writes the first
stripe of group 1 into the buffer 31a in the NAND flash 30a
(step S401). At the same time with the processing in step
S401, the write unit 320 writes the first stripe of group 1 into
the buffer 31/ in the NAND flash 30f (step S402). Subse-
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quently, in the NAND flash 304, the stripe written into the
buffer 31a is written into the array 32a (step S403).

Then, the write unit 320 writes the second stripe of group 1
into the buffer 315 in the NAND flash 305 (step S404). The
read unit 330 reads the first stripe of group 1 from the buffer
31f (step S405). Then, the parity generation unit 340 calcu-
lates parity data based on XOR with the first stripe of group 1
read by the read unit 330 and the second stripe of group 1 (step
S406). The write unit 320 writes the parity data into the buffer
31g (step S407). The processings in step S405 to step S407
are performed at the same time with the processing in step
S404.

Subsequently, in the NAND flash 305, the stripe written
into the buffer 315 is written into the array 325 (step S408). At
the same time with the processing in step S408, in the NAND
flash 30g, the stripe written into the buffer 31g is written into
the array 32¢g (step S409).

Then, the write unit 320 writes the first stripe of group 2
into the buffer 31¢ in the NAND flash 30c (step S410). At the
same time with the processing in step S410, the write unit 320
writes the first stripe of group 2 into the buffer 31/ in the
NAND flash 30f (step S411). Subsequently, in the NAND
flash 30c¢, the stripe written into the buffer 31c is written into
the array 32¢ (step S412).

The write unit 320 writes the second stripe of group 2 into
the buffer 314 in the NAND flash 304 (step S413). The read
unit 330 reads the first stripe of group 2 from the buffer 31/
(step S414). Then, the parity generation unit 340 calculates
parity data based on XOR with the first stripe of group 2 read
by the read unit 330 and the second stripe of group 2 (step
S415). The write unit 320 writes the parity data into the buffer
31g (step S416). The processings in step S414 to step S416
are performed at the same time with the processing in step
S413. Subsequently, in the NAND flash 304, the stripe written
into the buffer 31d is written into the array 324 (step S417).

The write unit 320 writes the third stripe of group 2 into the
buffer 31e in the NAND flash 30e (step S418). The read unit
330 reads the parity data from the buffer 31g (step S419).
Then, the parity generation unit 340 calculates parity data
based on XOR with the parity data read by the read unit 330
and the third stripe of group 2 (step S420). The write unit 320
writes the parity data into the buffer 31/ (step S421). The
processings in step S419 to step S421 are performed at the
same time with the processing in step S418.

Subsequently, in the NAND flash 30e, the stripe written
into the buffer 31e is written into the array 32e (step S422). At
the same time with the processing in step S422, in the NAND
flash 30f, the stripe written into the buffer 31fis written into
the array 32/ (step S423).

Effects of Second Embodiment

As described above, the storage device according to the
second embodiment does not lower the write capability even
when parity data is written therein. The storage device
according to the second embodiment can effectively use the
arrays in the parity NAND flashes. Consequently, two items
of parity data can be generated for user data, thereby enhanc-
ing a recovery accuracy when an error occurs in the user data,
for example.

System Structure and Others

All or part of the processings described to be automatically
performed, among the processings described in the present
embodiment, may be manually performed. Alternatively, all
or part of the processings described to be manually performed
may be automatically performed in a well-known method. In
addition, the processing procedures, the control procedures
and the specific names described in the description and the
drawings may be arbitrarily changed unless otherwise stated.
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The first and second embodiments have described the case
where the storage device saves data from the cache memory
11 to the NAND flashes during blackout by way of example,
but are not limited thereto. For example, the storage device
may use NAND flashes for data storage in the normal time.
Also in this case, the storage device does not lower the write
capability even when parity data is written therein.

The order of a processing in each step in the processings
described in each embodiment may be changed according to
various loads or use situation. For example, the order of the
processings in step S401 to step S409 illustrated in FIG. 7 and
the processings in step S410 to step S423 may be changed.

The first and second embodiments have described the case
where the NAND flashes are used as nonvolatile memories,
but are not limited thereto. For example, a HDD or ROM
(Read Only Memory) may be used as a nonvolatile memory.

The illustrated respective constituents are functionally
conceptual, and do not need to be physically configured as
illustrated. For example, the write DMA 200 according to the
first embodiment may integrate the read unit 230 and the
parity generation unit 240 therein.

It is possible to prevent a write capability from being low-
ered even when parity data is written.

All examples and conditional language recited herein are
intended for pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A storage device comprising:

a first group of memories including a plurality of memo-
ries, each having a temporary storage area and a storage
area, that store a plurality of items of partial data
obtained by dividing data;

a first memory and a second memory, the first memory
having a first temporary storage area and a first storage
area, the second memory having a second temporary
storage area and a second storage area;

a read unit that alternately reads parity data from the first
temporary storage area and the second temporary stor-
age area;

a generation unit that generates parity data based on the
read data from the first memory or the second memory
by the read unit and the partial data; and

a write unit that writes the partial data from temporary
storage areas into storage areas in the plurality of memo-
ries included the first group of memories, and alternately
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writes the generated parity data based on data from the
first memory into the second temporary storage area
when the read unit reads the parity data from the first
memory and the generated parity data based on data
from the second memory into the first temporary storage
area when the read unit reads the parity data from the
second memory, the write unit writing last partial data
from the temporary storage areas into the storage areas
in the plurality of memories included in the first group of
memories when partial data to be written is the last
partial data, and at the same time, writing parity data
from the first temporary storage area into the first storage
area or from the second temporary storage area into the
second storage area.

2. The storage device according to claim 1, wherein when
writing first data divided into an odd number of items of
partial data and second data divided into an even number of
items of partial data into the plurality of memories included in
the first group of memories, the write unit writes parity data
for the first data into the first storage area or the second
storage area, and writes parity data for the second data into the
second memory when the parity data for the first data is
written into the first memory, and into the first memory when
the parity data for the first data is written into the second
memory.

3. A method of controlling a storage device having a first
group of memories including a plurality of memories, each
having a temporary storage area and a storage area, that store
a plurality of items of partial data obtained by dividing data,
the method comprising:

alternately reading the parity data from a first temporary

storage area in the first memory or a second temporary
storage area in the second memory;
generating parity data based on the read data from the first
memory or the second memory and the partial data;

writing the partial data from temporary storage areas into
the storage areas in the first group of memories, and
alternately writing the generated parity data based on
data from the first memory into the second temporary
storage area when the reading reads the parity data from
the first memory and the generated parity data based on
data from the second memory into the first temporary
storage area when the reading reads the parity data from
the second memory;

writing the last partial data from the temporary storage

areas into the storage areas in the plurality of memories
included in the first group of memories when partial data
to be written is the last partial data, and at the same time,
writing parity data from the first temporary storage area
into a first storage area in the first memory or from the
second temporary storage area into a second storage area
in the second memory.
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